Résumé. 2014 Abstract. 2014 We study the spiral phase discovered by Shraiman and Siggia, in the regime of coupling constant where the effective spin wave stiffness is negative. We show that this instability does not signal a phase separation but rather the formation of domain walls in the (1,1) or (1,1) directions on a square lattice, where holes get trapped. We discuss briefly the interplay between dipolar and Coulomb interactions in the resulting structure.
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J. Phys. France 51 (1990) [847] [848] [849] [850] [851] [852] [853] [854] [855] [856] 1er MAI Recently, Shraiman and Siggia [1] have written within the so-called t -J model a semiphenomenological Hamiltonian describing the motion of holes in a locally Néel ordered antiferromagnet. Their major finding for a single hole was that for wave vectors around the energy minimum (at k = ( ± TT /2, ± TT /2), at least for not too large values of tIJ), the vacancy is dressed by a twist of the staggered magnetization taking a dipolar configuration at large scales. This effect comes physically from the coupling through hopping of the hole momentum to the spin current carried by the magnetic medium around. The approach followed in [1] (hereafter referred as I) was essentially of a semiclassical nature and applies a priori to the limit t/JS 1. Although the picture found in 1 is less obvious in the large t limit, where we know that the hole disorders very strongly the spins within a core region [2] , it seems to be confirmed qualitatively in recent numerical studies [3] . One may therefore think that the Hamiltonian derived on 1 is still of physical relevance in this limit although with some renormalized coupling constants.
In a subsequent work [4] (hereafter referred as II), Shraiman and at small t and becomes of order Ja 2 at large t [6] . It is worth noting that this first term represents hopping events where the hole remains on the same sublattice and as such should be affected by Aharonov-Bohm effects discussed by many authors [7] , which originate from the complex overlap between neighbouring spins. However, the phases we are going to discuss do not involve the creation of any fictitious flux because they have no skyrmions, in contrast for instance to the double spiral phases discovered in [8] . Therefore for our present purpose, we can forget about this complication.
The second term is the central part of Shraiman-Siggia's theory since it deals with the problem of coherent hopping from one sublattice to the other, as is made clear formally by the presence of the u x or o-Y matrices : the unit vectors pi are directed along the momenta ki within each valley to leading order in n. As said in the introduction these vectors appear like dipole moments which couple to the « electric fields » sin 0 Vq and V 0. In the small t limit, this term is obtained by writing the hopping part of the hamiltonian in terms of Schwinger bosons and spinless holes operators and expanding the resulting expression to lowest order in gradients. One gets g = 2 à St (note that our definition of g differs by a factor .J2 from the one used in I). It was argued in 1 that in the large t limit g should saturate to some value of order J which seems unfortunately very difficult to calculate microscopically. Note that in (1) we discarded the coupling of the hole density to the local magnetization present also in 1 because it is higher order in n for wave vectors concentrated near k1 or k2.
Equation (1) [3] . Both approaches agree to give IL 1. --1.6 lt-2 a-2, ml! ~ 4.2 lt-2 a-2. Combining these expressions, we find a -3.3. Even if the t -J model is not very physical in the small t-limit, this remark means that a numerical simulation of this problem for a sufficient large size of the lattice would not give a spiral phase but a different structure which we would like now to understand (see however the end of section 3 for a brief discussion of other possible instabilities in the t -J model). In the large t limit, « must take on general grounds a value of order 1 independent of t/J but we cannot say whether it is bigger than 1 (or bigger than 1/2 corresponding to the first instability).
Modulated spiral phases.
From the discussion of the preceding section, it should be clear that in order to restabilize the spin waves one must find a way to lower the hole susceptibility. This can be achieved by opening gaps in the hole dispersion relations, or in other words creating localized holes states. We thus shall consider inhomogeneous distributions of the gradients of cp : by choosing cp (x, y) of the form F (x1 ) + F (X2) we decouple the two valleys (to the order of approximation of Hamiltonian (1)). Since we want the two valleys still to be fully polarized, we take F to be a continuously increasing function of xi or x2. According to (1) The solution of this problem is well known : to obtain it simply, we identify u = 1 / I É I 03C8 and T = I É I X as respectively a position and a time and treat equation (9) as the classical motion of zero energy of a unit mass point in the potential V (u) = We wish now to discuss the question of the interaction between soliton lines. The formation of walls screens completely the dipolar interaction on a classical level (in electrostatics, the electric field outside an infinite capacitor vanishes). This is no more true on a quantum mechanical level where we expect a weak repulsion due to the small overlap between neighbouring self-trapped states. If we trust Hamiltonian (1) down to the lowest length scales, then the problem of finding one-dimensional stationary periodic solutions of equation (7) is equivalent to the Peierls-Frôhlich problem, for which exact solutions are known [10, 11] . In the small density limit (n a -2), the energy of an individual soliton inside a periodic array of self-trapped states, is given by [11] where L is the distance between successive solitons, which scales like (an )-1 and f is their width (of order a). This result shows that the domain wall structure has an exponentially weak but positive compressibility. On the other hand, distortions of each individual line are controlled by energies of order J(nll a )2 _ j for nll a '" 1. Therefore the modulated spiral phase should be seen as a gas of weakly interacting almost rigid soliton lines. We shall not expand further on the physics of this phase since we lack a microscopic understanding of its short scale features. It is worth pointing out that such charged solitons have already been found in the Hubbard model from different approaches. In the weak coupling limit, Schulz [12] found incommensurate antiferromagnetic phases close to half filling : in that case solitons form in the (1, 0) or (0, 1) directions. In the large U limit, motivated by a previous work on the two-band Hubbard model [13] , Poilblanc and Rice [14] also found numerically soliton like solutions within Hartree-Fock theory, this time along the diagonal directions like in the present work. In both approaches, soliton lines separate domains of opposite direction of the Néel order parameter. In the present theory, the jump àç in the orientation of the spins is a priori not quantized. However, it is conceivable that in the limiting case nll a ~ 1, our soliton lines become in fact equivalent to the previous ones or in other words that they correspond to a jump A~ = 03C0r .
Besides the instability towards domain wall formation, the long range dipolar interaction may also pair holes together. The coexistence of spiral order and superconductivity has been explored recently [15] in a mean field theory valid in the weak coupling limit (a « 1 ) when the pairs strongly overlap. In the moderate coupling limit (a -1 ) and small density of concern to us in this paper, it is more adequate to look directly at the pairing between two isolated holes. In In this work, we have shown the possibility of domain wall formation within Shraiman Siggia phenomenological Hamiltonian, for suitable strength of the effective dipolar interaction between holes. Clearly, it would be interesting to know the real value of « in the strong coupling limit t &#x3E; J, to see whether this instability can occur. Also, quantum spin fluctuations around the various « mean field » solutions found up to now, remain to be worked out and may seriously modify our views.
